Two patients who developed left bundle-branch block with increase in heart rate are presented. Atrial pacing during His bundle recording studies showed differing responses in the ventricular specialized conduction system of the two patients. In one, the onset of left bundle-branch block was associated with no change in the previously normal HV interval (so msec), while in the second the HV interval doubled to 8o msec during the development of left bundle-branch block. These two responses are discussed in the light of the electrophysiology of the ventricular specialized conduction system, and suggest that certain patients with rate-related left bundle-branch block have trifascicular disease.
Two patients who developed left bundle-branch block with increase in heart rate are presented. Atrial pacing during His bundle recording studies showed differing responses in the ventricular specialized conduction system of the two patients. In one, the onset of left bundle-branch block was associated with no change in the previously normal HV interval (so msec), while in the second the HV interval doubled to 8o msec during the development of left bundle-branch block. These two responses are discussed in the light of the electrophysiology of the ventricular specialized conduction system, and suggest that certain patients with rate-related left bundle-branch block have trifascicular disease.
The appearance of intermittent left bundle-branch block on the surface electrocardiogram is seen with both slow and accelerated heart rates (Massumi, I968; Bauer, I964; Sarachek, I970;  El-Sherif, I972). Though speculative, most authors have related bradycardia-dependent left bundle-branch block to spontaneous phase four diastolic depolarization of portions of the ventricular specialized conduction system. Consequently, that portion of the conduction system would be refractory to the next anterograde sinus impulse and would result in a bundle-branch block pattern on the electrocardiogram (Massumi, I968) .
Little attention, however, has been paid to the mechanisms underlying left bundle-branch block seen in association with accelerated heart rates. Using the His bundle technique, we have recently studied two patients who present contrasting electrophysiological phenomena during the development of their tachycardia-dependent left bundlebranch block. It is our purpose to describe these patients clinically, to outline the electrophysiological studies done, and to speculate upon the causes of the contrasting conduction abnormalities noted during the His bundle study. with an acceleration in heart rate. In March 1973, he had substemal chest pain and was admitted to another hospital to rule out myocardial infarction. An electrocardiogram on admission showed left bundle-branch block but infarction was not documented by serial serum enzymes. The chest pain continued to increase in frequency and severity, and in April 1973 he was admitted to Stanford University Hospital for further diagnostic studies.
The patient's past medical history and physical examination were unremarkable. His electrocardiogram at admission is shown in Fig. i .
The patient underwent a diagnostic left and right heart catheterization using standard techniques. The only abnormality noted was a resting left ventricular enddiastolic pressure of I5 mmHg, which rose to 20 mmHg with exercise. During the period of exercise, the patient's heart rate increased to I09 beats a minute, at which time a left bundle-branch block pattern was present on the electrocardiogram. There were no other abnormalities in the haemodynamic study.
Coronary arteriography was performed by the Judkins technique. Multiple lesions resulting in 75 per cent narrowing were noted in the midportion of the left anterior descending artery, and there was a go per cent stenosis at the proximal portion of the circumflex coronary artery. The right coronary artery was dominant with only minimal plaques present. Left ventricular contractility as assessed by angiography was considered normal.
On the following day, the patient underwent a His bundle study. Standard techniques were employed (Scherlag et Fig. 3 represents a baseline tracing from Case i during the His bundle study. The patient's right atrium is being paced at 8o beats a minute, and at this rate the HV interval is 50 msec.
With an increase in the heart rate to I12 beats a minute, left bundle-branch block developed, as shown in Fig. 4 . The patient's AH interval has increased slightly, but there has been no change in the HV interval, which remains constant at 50 msec. It was found on numerous occasions that the critical rate at which the patient developed left bundlebranch block on the surface electrocardiogram was 92 beats a minute. At no time during the study did the patient's HV interval fluctuate. Fig. 5 shows the patient's response to the termination of right atrial pacing at a rate of I50 beats a minute. The first two beats after right atrial pacing are of a complete left bundle-branch configuration, but a careful comparison with the QRS complexes in Fig. 3 shows that even the fourth complex in Fig. 5 Even after the pacemaker is abruptly turned off (after the second QRS configuration), the third and fourth beats still show a complete left bundle-branch block configuration, while in beats 5 and 6 the QRS complex is gradually resuming the control configuration (Fig. 3) . The HV interval remains constant at 5o msec. The AH interval has returned to its control level of 70 msec after the pacemaker has been turned off. The labels are the same as in Fig. 3 The electrophysiological data from Case i contrast with those obtained during the His bundle study in Case 2. This patient had an abnormal sinus node recovery time of i,6oo msec, which was compatible with the clinical impression of sick sinus syndrome. Fig. 6 shows the resting tracing of Case 2. The heart rate is 77 beats a minute, the QRS is of normal morphology, and the HV interval is 40 msec. Fig. 7 illustrates that with right atrial pacing a critical heart rate of 9I beats a minute is reached, at which the patient develops left bundle-branch block.
While the AH interval has increased by 70 msec, the HV interval, which was 40 msec when the QRS was of normal morphology, has increased to 8o msec with the development of left bundle-branch block. This represents an increase of 40 msec over the patient's baseline HV interval.
Because of the clinical and electrophysiological diagnosis of the sick sinus syndrome, a permanent right endocardial demand pacemaker was inserted and the patient was treated with quinidine to control the recurrent atrial arrhythmias. He is currently doing well. 7 The rate of atrial pacing has been increased from 89 beats a minute (first two stimuli) to 9I beats a minute in the subsequent three complexes. At the critical rate of 9I, the patient develops left bundle-branch block. The HV interval is seen to increase from 40 msec (in beats i
and 2) to 8o msec (in beats 3 through 5). The AH interval, which is I50 msec, is constant, but the overall PR interval is increased by 40 msec. Labels same as in Fig. 3 . Discussion These two patients are of interest because of the contrasting electrophysiological phenomena associated with the development of tachycardia-related left bundle-branch block. These phenomena must be understood in the context of normal ventricular activation. Durrer et al. (I970) , in their study of the activation sequence in the isolated human heart, showed that the right endocardial surface is normally activated at the anterior papillary muscle some 5 to I0 msec after the onset of left ventricular cavity activation. Studies in vivo using catheter recordings of left and right bundle-branch potentials have verified these results and have shown that the left and right bundles are activated nearly simultaneously (Rosen et al., I97I) . In patients having a QRS of normal morphology, it would be expected that the right and left aspects of the ventricular septum would be activated almost in synchrony.
While an extensive literature exists regarding conduction in stable left bundle-branch block, there has been no previous appraisal of conduction in the ventricular specialized conduction system during intermittent left bundle-branch block. Rosen et al. (I97I) have presented three cases of intermittent left bundle-branch block in which the HV interval did not change when left bundle-branch block appeared with increased heart rates induced by pacing. Castellanos (1973) cites one case of intermittent left bundle-branch block artificially induced by an atrial premature depolarization, in which the HV interval increased by 20 msec. However, it is unclear from his Fig. i whether the HV interval has been properly measured.
The normal HV intervals in Rosen's cases above are in contrast to those patients having stable, fixed left bundle-branch block. In nearly all these patients, the HV interval has been found by earlier investigators to be prolonged (Haft et al., I971; Ranganathan et al., 1972) . As has been emphasized, the HV interval represents the shortest temporal conduction pathway between the His bundle and the ventricular myocardium and, thus, if the right bundle or either of the two divisions of the left bundle are conducting at normal velocities, the HV interval should be normal (Cannom, Goldreyer, and Damato, 1972) . Thus, when the HV interval is prolonged in stable bundle-branch block, it must be concluded that there are abnormalities in conduction in all three fascicles of the specialized conduction system resulting in reduced conduction velocities and an increase in the HV interval. 
